We analyze Clementine altimetry to constrain the size and location of proposed permanently shadowed regions in the vicinity of the lunar south pole. Long and short 2°from the pole the maximum allowable diameter decreases to -30 kin.
Introduction
The recent possible detection of water ice at the lunar south pole from the Clementine bistatic radar experiment [Nozette et al., 1996] has potentially major implications for future lunar exploration initiatives.
The basis for the potential finding is the recognition of backscatter and polarization enhancement of radar echoes transmitted by the spacecraft that interacted with a region of the lunar surface near the pole, outlined in Fig.  1 . The unusual radar signature has been interpreted as being due to coherent backscatter of a high volume scattering substance, most likely water ice [Nozette et al., 1996] , though lunar surface roughness near the radar wavelength has been offered as an alternative explanation on the basis of analysis of higher spatial resolution Earth-based observations [Stacy et al., 1997] .
The retention of near-surface ice, presumably deposited by cometary or asteroidal impacts, would require areas of the lunar surface to have been shadowed from sunlight over geological timescales [Watson et al., 1961; Arnold. 1979; Ingersoll et al., 1992] . Continuous shadowing in the lunar south polar region has been identified on the basis of the Clementine south pole image mosaic [Shoemaker et al., 1994 : Spudis et al., 1995 , which was assembled from two months of orbital imaging. [Nozette, et al., 1996] . In the figure the direction of Earth is to the right. shadowing. From Fig. 3 we see that estimation of the south polar elevation requires interpolation over the polar gap.
Topography Analysis
Based on analysis of all southern hemisphere profiles that contain high latitude data as well as a spherical harmonic expansion of all the Clementine altimetry [Smith et al., 1997] , we find that the best-fit elevation is probably shallower, -!+2 kin, with the large uncertainty a consequence of the interpolation.
In addition, small craters at the pole may make the elevation locally deeper. However, equation
(1) indicates that the polar elevation is only one of several factors that have bearing on the existence of permanent shadowing. Fig. 4 plots equation (1) and shows how the height of encircling topography also depends on the angles _p and 0.
The plot assumes a radius of the lunar geoid of 1738 kin, but even kilometer-scale uncertainties due to the data gap at the south pole result in small (meter to tens of meter) variations in the required topographic height. Equation (I) dictates that the existence of permanent shading is less sensitive to the range of possible polar elevations (R) than to the size of a shadowing structure and its distance from the pole Consider the case of the South Pole-Aitken Basin. Fig. 4 shows that the amplitude of topography required for permanent shadowing for a structure of its size, centered on the pole, would be more than 30 km --over a factor of two greater than the full dynamic range of lunar topography and four times the depth of the basin. Fig. 4 where N is the spherical harmonic degree and h has units of meters.
The power law, which has an RMS fit to the observed power of 11%, was derived from a spherical harmonic model of the topography out to degree 70 (spatial scales <78 km5 [Smith et al., 1997] . The spectrum shows that, as for the other terrestrial planets [Turcotte, 1987] , lunar topography displays a fractal distribution.
The dotted line in Fig. 4 shows the predicted topography signal obtained by extrapolating and integrating equation
(2) from degrees 1000 through 2. The integrated topographic power suggests that the maximum diameter of a structure centered on the pole that can produce permanent shadowing is about 68 km. If a structure is centered 2°off the pole, as is the apparent region of constant shadowing in the Clementine south pole mosaic, the maximum allowable diameter decreases to about 33 kin.
The dashed line in Fig. 4 
Discussion and Conclusions
The criterion we have adopted is more permissive of permanent shadowing than a more rigorous assessment would allow.
Indeed our analysis addresses only the larger geometric effects.
First, we have ignored variations in the direction of the lunar spin axis over timescales longer than the lunar precession cycle, although such variations arebelieved to have occurred [Newhall et al., 1983] et al., 1992; Paige et al., 1992: Salvail and Fanale, 1994] . Such analysis could profitably be revisited taking into account the improved topographic understanding of the region. 
